Different species of woodpeckers range in body mass from less than 30 g to over 300 g (Dunning 1993 ), which is well above the predicted size limit for flap-bounding flight (Rayner 1977 , 1985a , DeJong 1983 . The flight style of most of the 200+ species of woodpeckers is described as "heavy" or "undulating" (Skutch 1985) , probably in relation to their flap-bounding flight. However, one unusual species, the Lewis' Woodpecker (Melanerpes lewis), is reported to glide extensively while foraging for flying insects (Bent 1939 , Bock 1970 ). This species' flight path during flapping is described as straight and "crowlike," as is the flight path of some of the larger species, including the Pileated Woodpecker (Dryocopus pileatus; Short 1982 , Skutch 1985 .
Woodpeckers thus represent a useful taxonomic group for studying the relationships between body mass and intermittent flight. I present the results of a comparative analysis of new morphological, physiological, and behavioral data related to intermittent flight in the following six woodpecker species: Downy Woodpecker (Picoides pubescens), Hairy Woodpecker (P. villosus), Red-naped Sapsucker (Sphyrapicus nuchalis), Lewis' Woodpecker, Northern Flicker (Colaptes auratus), and Pileated Woodpecker. Using these data, I evaluate predictions of the fixedgear hypothesis that the heterogeneity of fiber types in the pectoralis should increase with increasing body mass and that gliding behavior should be associated with the presence of slower fibers in the muscle (Goldspink 1977 , Rayner 1977 ,1985a . I also examine the predictions, from the adverse-scaling hypothesis, that there should be a size limit for the ability to bound, and the percentage of flight time spent flapping during flap-bounding flight should scale positively with body mass (Lighthill 1977 , DeJong 1983 , Rayner 1977 ,1985a , Tobalske and Dial 1996 . Lastly, my field observations permit a test of the prediction from wind-tunnel studies that birds should facultatively switch from flap-gliding at slow speeds to flap-bounding at fast speeds to efficiently reduce mechanical and metabolic power output during flight at all speeds (Tobalske and Dial 1994 , 1996 , Tobalske 1995 ).
MEMoDs
Histology.-Pectoralis muscles from six species of North American woodpeckers (all adults) were studied using histological staining techniques: Downy Woodpecker (n = 2), Red-naped Sapsucker (n = 3), Hairy Woodpecker (n = 2), Lewis' Woodpecker (n = 2), Northern Flicker (n = 2), and Pileated Woodpecker (n = 1). Pectoralis muscles from one chicken (Gallus gallus), one Rock Dove, and one European Starling were used as controls based on previous research on these species (Rosser and George 1986a) . I collected most of the woodpeckers from the field during August and September 1992. Other birds were donated to my study as fresh specimens following accidental collisions with automobiles. The chicken was a fresh (not frozen) store-bought specimen, and the Rock Dove and European Starling were wild-caught birds that were used in different studies at the University of Montana. Both the left and right pectoralis muscles were dissected from each specimen and quickly frozen by whole immersion in liquid nitrogen (-160?C). The frozen muscles were wrapped in parafilm, placed in sealed plastic bags, and stored at -80?C until they were used for sectioning and staining.
Using a cryostat microtome (International Equipment Co. Model CTD) set at -20?C, serial transverse sections approximately 14 ,um thick were cut from the midbelly of each pectoralis muscle ( Fig. 1) and then mounted on glass microscope slides. For the smaller species, the entire transverse section of the muscle was prepared on a single microscope slide. For the larger species, separate slides of the medial and lateral portions of the muscle were prepared so that the transverse section of the entire muscle was represented. Sections from other parts of each pectoralis were prepared, but only the midbelly transverse sections from either a left or right side were used for quantitative analysis.
Multiple sections of each muscle were stained for myofibrillar adenosine triphosphatase (mATPase) activity (Padykula and Herman 1955, Guth and Samaha 1970) following the methods of Hermanson and Foehring (1988) and Rosser and George (1986a) . These sections were preincubated in a 0.2 M barbital acetate buffer (pH 4.2) for 5 min at 25?C. After preincubation, the sections were incubated for 30 min in sodium barbital buffer solution (1.4 mM ATP, 18 mM CaCl2, pH 9.4) at 37?C. Because of tissue slippage, alkaline preincubations (Rosser and George 1986a) were not performed on all specimens. Corresponding serial sections were stained in a succinate dehydrogenase (SDH) solution at 37?C for 30 min to demonstrate oxidative capacity (Rosser and George 1986a, Loeb and Gans 1986), or in an alpha-glycerophosphate dehydrogenase (GPD) solution at 37?C for 60 min (9.3 mM GPD, 1.2 mM Nitro Blue Tetrazolium, and 2.3 mM menadione) to demonstrate glycolytic capacity (Wattenberg and micrographic system at 100 x and 400 x was used for photographing the sections. Color slides (35-mm, Kodak Ektachrome 100 or Kodachrome 64) were prepared for the classification of fiber types and measurement of fiber diameters. Black-and-white prints (from 35-mm Kodak TMAX black-and-white negatives) were prepared for inclusion in this paper. Along with the muscle preparations, I photographed a 20-,tm microruler at both 100 x and 400 x.
Using photographs of the mATPase preparations, individual muscle fibers were classified as either fasttwitch (light-staining after acid preincubation) or slowtwitch (dark-staining after acid preincubation; Rosser and George 1986a, Hermanson and Foehring 1988) in comparison to the fibers in the deep lateral region of the chicken pectoralis, which contained known fibers of both types (Rosser and George 1986a). The fasttwitch fibers in the woodpecker pectoralis muscles were classified further as being white (W), intermediate (I), or red (R) using fiber diameters, SDH staining, and GPD staining. Based upon SDH staining, the Rock Dove pectoralis control contained W fibers (largediameter, light-staining SDH) and R fibers (small-diameter, dark-staining SDH), whereas the European Starling pectoralis contained I fibers (intermediatediameter, intermediate-staining SDH) and R fibers similar to the R fibers in the Rock Dove pectoralis (George and Berger 1966, Rosser and George 1986a).
After classifying muscle fibers, I counted the number of fibers of each type using 100x photographic slides of muscle tissue taken from each of six regions across the midbelly transverse section of each woodpecker pectoralis muscle (medial superficial, medial deep, middle superficial, middle deep, lateral superficial, and lateral deep; Fig. 1 ). I counted the total number of cells of each fiber type within one or more randomly-chosen fascicle boundaries in the photograph (between 400 and 2,500 cells per photograph). These totals were used to calculate the percentage of each fiber type within each region of each woodpecker pectoralis. The same photographic slides were projected onto a digitizing pad (Summagraphics BitPad Plus) on which I used custom digitizing (Bit Pad Digitize 1.3) and analysis (Cine Motion 2.0) software (Stephen Gatesy) with a MacIntosh Quadra 950 computer to measure the minimum cross-sectional diameter of 25 randomly-chosen fibers of each fiber type observed within each of the six regions from each bird's pectoralis. The bars of a 20-,um microruler also were digitized from photographs and these measurements were used as a scale to convert pixels into jam using Excel 3.0 software (Microsoft Corp. 1991). The average percentage of each fiber type and average diameter for each fiber type was computed as the grand mean of six averages (one average from each region).
Morphometrics.-Fifteen gross-morphological variables were measured from adult specimens of each species. Sample sizes ranged from 2 to 30 depending upon the species and the variable measured. All of the gross morphological variables were measured in each of the birds that were used for histological study. In addition, some measurements were obtained from previously-frozen and fluid-preserved birds, as well as cleaned and dried skeletal preparations and dried, spread wings.
Mass was measured to the nearest 0.01 g (with a Mettler PE360 digital balance) and length was measured to the nearest millimeter with a metric ruler or to the nearest 0.01 mm with digital calipers (Mitutoyo Digimatic). Pectoralis mass was measured as the combined mass of the left and right pectoralis muscles dissected whole from the bird and blotted dry. Body mass was measured directly in some specimens; otherwise, body mass data were recorded from the museum tags associated with the cleaned skeletons or spread wings. External wing measurements including wingspan (between tips of the 8th primaries of each wing, wing area, and wing length from proximal tip of the olecranon process of the ulna to the tip of the 8th primary) were measured with the wing(s) spread as in mid-downstroke of flapping flight (i.e. the emargination on distal third of each of the primaries was completely separated from adjacent feathers). The lengths of the 8th primary and 1st secondary were measured from the point where the feather emerged from the skin to the distal tip of the feather.
Wing area was estimated for one wing. Wing tracings on millimeter-rule graph paper were video taped (S-VHS format, Panasonic Model AG-455) and transferred to a MacIntosh Quadra 950 computer using a Panasonic AG-1960 S-VHS player and ScreenPlay software. The wing outline, including all primary and secondary feathers but no tertial feathers, was traced using Image software (N.I.H.), and wing area in centimeters squared (cm2) was converted from pixels within the wing outline using a known scale of either 15 or 24 cm. In cases where a feather was missing, broken, or reemerging following molt, a straight line was drawn between the tips of the adjacent two feathers using a ruler, and I sketched the outline of the missing feather by substituting the missing portion with a tracing of the corresponding portion of the adjacent proximal feather arranged so that the tip was centered on the straight line. Wings that were missing the 10th primary or two adjacent feathers were not evaluated.
An aspect-ratio index was calculated as average wing span divided by average wing chord. This measurement differed slightly from aspect ratio in Tobalske (1994) , and it also differed from the conventional measurement of aspect ratio because aspect ratio is usually calculated as the square of wingspan, divided by the surface area of both wings and the portion of body between the wings (Pennycuick 1989 , Norberg 1990 ). I calculated average wing chord by dividing the square of a single wing length by the average single wing area; thus, the area of the body between the wings was not included. As another measure of wing shape, I computed a wing-shape index (Norberg and Rayner 1987) by dividing the average length of the 8th primary by the average length of the 1st secondary.
To study internal wing morphometrics, the length of eight bones were measured from either the left or right side of a specimen. Following the nomenclature and descriptions in Baumel et al. (1979) , these measurements included the length of the sternum (spina externa to margo caudalis), furcula (apophysis furculae to extremis omalis claviculae, process acrocoracoideus), coracoideus (process acrocoracoideus to process lateralis), scapula (acromion to extremitas caudalis scapulae), humerus (caput humeri to condylus dorsalis), ulna (olecranon to condyla dorsalis), radius (cotyla hurneralis to facies articularis radiocarpalis), and manus (trochlea carpalis [acies articularis radiocarpalis] to facies articularis digiti minoris).
Field To compare flight variables among species, only sections of nonmaneuvering flights with approximately no change in mean altitude were included in the sample (Fig. 2A) . Periods of intermittent flight included the first nonflapping period after takeoff to the first braking glide during landing ( Fig. 2A) . Flights were divided into separate "cycles" consisting of a flapping phase followed by a nonflapping phase. Wingbeat frequency (during flapping phase only), the number of flaps, the duration of the flapping phase, and the duration of the nonflapping phase were measured from each cycle. The percentage of cycle time spent flapping also was calculated. Wing flapping commenced as the tips of the wings were first elevated or depressed from the lateral-perspective midline of the body following a nonflapping phase, and ended as the wingtips reached the lateral-perspective midline of the body as a nonflapping phase began. Nonflapping phases were identified as periods longer than 50 ms in duration (three frames of film or fields of video) with no movement in the wingtips relative to the body. These phases were classified either as a glide (wings outstretched) or a bound (wings highly flexed almost to posture exhibited during perching).
Wing kinematics during field flights were digitized by projecting each frame of film (using MARK IV motion-analyzer projector) or field of video (using line of sight of camera 00 ? 100), providing an anterior or posterior view of the bird; or (2) flights when the flight path was perpendicular to the camera (angle between flight path and line of sight of camera 900 ? 100), providing either a lateral or ventral view of the bird. Wingspan (distance between distal tips of 8th primaries, only available from anterior or posterior view) and wingtip elevation (distance between midline of body and straight line drawn between tips of 8th primaries) were calculated from the digitized points. Given that the wingspan at mid-downstroke is relatively consistent for a given bird during flapping flight (Scholey 1983 , Rayner 1985a , Tobalske and Dial 1996 , pixel numbers representing a single wingbeat were converted to centimeters so that: (1) within each wingbeat, the wingspan at mid-downstroke was equal to the average wingspan measured on specimens used for morphometric study; and (2) the greatest absolute value for wingtip elevation during the wingbeat was equal to one-half of this average wingspan. Wingspan and wingtip elevation during nonflapping phases were scaled from pixels to centimeters using the scale of the wingbeat immediately preceding the nonflapping phase. To examine scaling relationships between body mass and the histological, morphometric, and intermittent flight variables, all variables were log transformed and analyzed using reduced-major-axis (RMA) regressions (Rayner 1985b, Norberg and Rayner 1987 ). This regression model is appropriate for data sets in which there is statistical variation and measurement error in both the dependent and independent variables ( Classification of muscle fibers in the woodpecker pectoralis muscles was occasionally difficult because of intramuscular variation in the cross-sectional diameters of cells (Fig. 4A, B ) and variation in staining intensity (Fig. 4C, D) . These patterns of size and staining variation within a single fiber type did not appear to be related to a particular region of the midbelly of the muscle (Fig. 1) . The variation in fiber diameter among the midbelly regions was evident in all of the species, but the variation in staining intensity was mostly observed among the R fibers of the pectoralis muscles of Downy and Hairy woodpeckers (e.g. Fig. 4C, D) . The Red-naped Sapsucker pectoralis exhibited the most uniform staining for SDH and GPD among R fibers (Fig. 4E ), whereas the cell types with the greatest contrast were the I and R fibers stained for SDH or GPD in the Pileated Woodpecker pectoralis (Fig. 4F) .
R fibers were present in all regions of each of the woodpeckers' pectoralis muscles (Table  1 (Fig. 6A) . The average diameter of I fibers increased significantly with body mass among species, but the average diameter of R fibers in the woodpecker muscles did not (Table 2; Fig. 6B, C) . Within the muscle of each woodpecker species, the average diameter of I fibers was always greater than the average diameter of R fibers (Table 2; Figs. 4F and 5A, B, G-L) . For example, in the Northern Flicker, R fibers averaged 28.6 .um and I fibers 36.7 ,um in diameter (Table 2; Fig. 5I, J).
R fibers in the woodpecker pectoralis muscles generally stained intensively for SDH and moderately for GPD, as in the Rock Dove and European Starling controls (Figs. 3-5) . However, the staining characteristics for I fibers differed among woodpecker species and between most woodpecker species and the type I controls in the European Starling (Fig. 3E, F) . In the Downy and Hairy woodpeckers, I fibers stained lighter than the R fibers with SDH stain, but there was no difference between the two types in their staining for GPD (Fig. 5A, B, E, F) . Lewis' Woodpecker muscle fibers (both I and R) stained uniformly for SDH (Fig. 5G) , but there was considerably more contrast between the two types in reaction to GPD staining: R fibers were lighter and I fibers stained intensively (Fig. 5H) , as in the European Starling control muscle (Fig.  3F ). In the Northern Flicker and the Pileated Woodpecker, I fibers stained lighter than R fibers for both SDH and GPD (Figs. 4F and 5I-L).
Morphometrics.-Pectoralis mass, wingspan, wing length, and the lengths of the sternum, furcula, coracoid, humerus, ulna, radius, manus, 8th primary, and 1st secondary (Tables 3 and 4 (Fig.  7A-D) .
Aspect-ratio and wing-shape indices showed moderately negative scaling with nonsignificant correlation coefficients (Tables 3 and 4; Fig.  7E, F) . The Red-naped Sapsucker had the highest aspect-ratio (5.52) and wing-shape indices (1.34) among the six species (Table 3; Fig. 7E,  F) . Although the Lewis' Woodpecker had the second-highest wing-shape index (1.32), the Downy Woodpecker had a slightly higher aspect-ratio index than the Lewis' Woodpecker (5.19 vs. 5.16). The other species had aspect-ratio indices of 4.91 or less and wing-shape indices of 1.23 or less (Table 3 ; Fig. 7E, F) . The wingshape indices revealed that Red-naped Sapsuckers and Lewis' Woodpeckers had slightly longer and narrower (more pointed) wings in comparison to the other species (Table 3, During flap-bounding flight, wing kinematics changed as a function of increasing body mass (Fig. 8) . In general, the smaller species performed more wingbeats between bounds and bounds of longer duration than the larger species. However, the Lewis' Woodpecker flapped more often than any of the other species (Tables   5 and 6 ; Figs. 8 and 9 ). The 2 s of Lewis' Woodpecker flight presented in Figure 8 contain parts of two flapping phases, whereas at least two full cycles of a flapping phase followed by a bound are included in the same period of time for the other species.
Some similarities in wing kinematics were nonetheless apparent among species. All of the woodpeckers entered a bound phase by bringing the wingtips near the midaxis of the body during mid-upstroke and resumed flapping by elevating the wingtips above the midline of the body after a bound (Fig. 8) . Within a wingbeat, wingspan was greatest during mid-downstroke when wingtip elevation approached 0 cm and least during mid-upstroke when wingtip elevation returned to 0 cm. The wings in each species were drawn relatively close to the midline of the body during mid-upstroke in flapping, suggesting the use of a vortex-ring gait without lift production during upstroke (Rayner 1988, 1991). The wingtips of all species generally were brought closer to the midline of the body during bound phases than during midupstroke of flapping phases (Fig. 8) , also indicating a lack of lift production by the wings during bounds. For example, during mid-upstroke of the wingbeats shown in Figure 8 for the Northern Flicker, wingspan at mid-upstroke was between 10 and 17 cm, while wingspan during bound phases ranged from 5 to 10 cm.
Among the variables measured from flapbounding flight in woodpeckers, the number of flaps in a cycle, wingbeat frequency, duration of flapping phase, and duration of bound phase decreased with increasing body mass (Tables 5  and 6 ; Figs. 8 and 9A-D) , whereas the percentage of cycle time spent flapping and flight speed tended to increase with body mass (Tables 5-7 ; Fig. 9E, F) . In comparison to the RMA regression lines (Fig. 9) , the Lewis' Woodpecker appeared to be unusual for its body mass in having relatively high values for the number of flaps in a cycle, duration of the flapping phase, and percent of cycle time spent flapping, and relatively low values for wingbeat frequency and flight speed. The values for this species would have been even more unusual for its body mass had I included samples of level flights with continuous flapping (e.g. Fig. 10 ). The Hairy Woodpecker also had a relatively high number of flaps in a cycle and wingbeat frequency for its body mass (Fig. 9A, B Excluding the Lewis' Woodpecker from the sample improved the fit of RMA regression lines to the data for all of the variables except for wingbeat frequency and duration of bounding phase (Fig. 9) . With the Lewis' Woodpecker included in the sample, only the correlation coefficients for wingbeat frequency and duration of bounding phase were statistically significant (Fig. 9) , but excluding this species increased the correlations so that the coefficients for the number of flaps in a cycle, wingbeat frequency, duration of flapping phase, and duration of bounding phase were significant (P < 0.05).
The RMA regressions and correlation coefficients describing the scaling of intermittent The means for the field variables exhibited relatively small standard deviations among geographic locations (i.e. sampling units) within a species (Tables 5 and 7 ), but among all of the cycles observed in each species the behaviors showed considerable variation (Tables 6 and  7 ; Fig. 8 ). For example, Northern Flickers flapped on average 1.9 times during a cycle (Table 5) , but this variable ranged from one to seven flaps in the 153 cycles observed (Table 6) (Table 7) . Among three independent locations, the average flight speed was 7.3 ? 0.2 m/s, whereas among the 12 flights for which I measured flight speed in this species, speed ranged from 4.7 to 11.0 m/s (Table  7) .
Flycatching. -Lewis' Woodpeckers commonly engaged in foraging flights during which they caught insects in the air (Figs. 2B and 10) . These flights included changes in altitude, maneuvering, and extended glides (up to 10 s in duration). Considerable temporal variation, beyond the scope of the present study, was evident in their flycatching behavior (see Bock 1970) . A typical foraging flight would consist of continuous flapping after takeoff (from a tree or pole) until an insect was captured. The bird would then glide and occasionally flap or maneuver its wings asymmetrically to catch or pursue another insect. The return to a perch (either a tree or a pole) consisted of alternating glides and bounds that were similar to the landings I observed in other woodpeckers (Figs. 2 and 10) . The wing kinematics for a Lewis' Woodpecker during a brief foraging flight (Fig. 10) provide an example of flycatching behavior for the species. During the first 4,200 ms in Figure 10 , the bird flapped continuously, flew directly away from the tree from which it took off, and looked both left and right several times-probably scanning for insects in the air. Between 4,200 ms and 4,900 ms, it banked slightly to the right in pursuit of an insect, and it changed wingbeat gait (from a vortex-ring gait towards continuous-vortex gait; Rayner 1988, 1991) by increasing wingspan during mid-upstroke in comparison to the previous 32 wingbeats. This change in wingbeat gait probably represented deceleration. At 5,000 ms, the bird began a complex series of asymmetric wing and tail movements (flexing and rotating) and banked sharply to the right until 5,200 ms when it captured an insect. After ingesting the insect at 5,200 ms, the bird entered a glide and gradually banked to the right until its flight direction was toward the tree from which it took off. At 6,600 ms, it briefly decreased its wingspan, probably with a decrease in altitude, and then resumed gliding with only one slight decrease in wingspan until 7,900 ms. From 7,900 to 9,000 ms, it engaged in glide-bounding, which it continued afterwards until landing. The Red-naped Sapsucker was the only other species I observed to use flycatching flights. I successfully recorded two examples of flycatching at one Red-naped Sapsucker nest, and the wing kinematics during a portion of one of these are presented in Figure 11 . The Red-naped Sapsucker began a flycatching sally using continuous flapping as in the Lewis' Woodpecker (Figs. 2B, and 10), but the Red-naped Sapsucker exhibited intermittent bounds, rather than prolonged glides, after insect capture (Fig. 11) . The successful capture of an insect generally occured during a bound with the wings only partially flexed. The wingspan was near 10 cm at insect capture in Figure 11 , whereas during the subsequent bound that occured after 1 wingbeat, wingspan was approximately 5 cm.
DISCUSSION
Among the six species of woodpeckers included in this study, there was an effect of body size on almost all variables examined. Important observations include that the Pileated Woodpecker used flap-bounding flight (Tables  5 and 6 ; Figs. 8 and 9) in spite of being considerably greater in body mass than the expected limit for this behavior (Rayner 1977 , 1985a , DeJong 1983 . Also, the unusual flight behavior of the Lewis' Woodpecker, relative to the other species (Tables 5 and 6; Figs. 2, 8-10 ), was more closely related to differences in muscle composition (Fig. 5) and flight speed (Table 7; Fig.  9F ) than to differences in wing design (Fig. 7) .
Functional interpretation of muscle composition.-The results from histological staining of pectoralis muscles were consistent with the basic premise of the fixed-gear hypothesis that the heterogeneity of muscle composition should scale positively with body mass (Goldspink 1977 , 1981 , Rayner 1977 , 1985a . If the assumption is correct that R, I, and W fibers represent different functional groups of avian fast-twitch skeletal muscle with progressively increasing optimal contractile velocities (George and Berger 1966, Rosser and George 1986a, Norberg 1990), the smaller woodpecker species had pectoralis muscles of more uniform contractile properties than those of the species larger than 100 g (Tables 1  and 2 Dark, or intense staining for either SDH or GPD suggests that a fiber has well-developed oxidative or glycolyitic capacity, respectively. These physiological properties may be related to contractile properties of the muscle fiber, given that high oxidative capacity tends to be associated with large numbers of mitochondria, fatigue resistance, and slower contractile velocity, whereas high glycolytic capacity tends to be associated with low mitochondrial density, low endurance, and fast contractile velocity (George and Berger 1966 , Goldspink 1977 ,1981 , Loeb and Gans 1986, Rosser and George 1986a, b, Hermanson and Foehring 1988, Norberg 1990 ). In addition, fiber diameter tends to be positively correlated with contractile velocity. Thus, variation in staining intensity and fiber diameter between R and I fibers (e.g. Fig. 4F in staining or diameter within fiber types within species (Fig. 4A-D) indicated that this variation, in some cases, may be best described as a continuum rather than as discrete categories. Differences in GPD staining for I fibers among species (Fig. 5) further illustrated the potential for variation within a single avian fiber type.
The I fibers in the Northern Flicker and the Pileated Woodpecker appeared to have relatively low oxidative and glycolytic capacity, as indicated by light staining for both SDH and GPD (Fig. 5I-L) . What are these fibers using as an energy source to fuel contraction? My study does not offer a ready answer. Similar lightstaining for both oxidative and glycolytic capacity is observed in distal wing muscles of the Rock Dove (George and Berger 1966), but this pattern was unlike the staining in I fibers in the European Starling pectoralis, or W fibers in the Rock Dove pectoralis, in which glycolytic capacity was high and oxidative capacity was low (Fig. 3C-F) . Possibly, crystal formation during histological staining is localized in different regions of I and W fibers, depending on the species or even the muscle within a species; resolution of this issue awaits further study.
The I muscle fibers in the Lewis' Woodpecker pectoralis were the only type I woodpecker muscle fibers to stain dark for GPD as in the European Starling control (Figs. 3F, and 5H) . The Lewis' Woodpecker muscle fibers also appeared more rounded and "loosely packed" in comparison to the fibers in the other species (Fig. 5) . This rounded-fiber appearance is apparently typical of birds that engage in extended gliding behavior (George and Berger 1966, Rosser and George 1986a). Rosser and George (1986a) suggested the functional explanation for this appearance is that there is less fiber density per unit cross-sectional area in the muscles of gliding birds because less force is generated during glides than during flapping. However, the Lewis' Woodpecker, like the other woodpecker species (Fig. 3A) , did not exhibit slowtwitch fibers in its pectoralis. Slow-twitch fibers would be highly economical during prolonged glides (Goldspink 1977 , Rayner 1977 , 1985a , Rosser and George 1986a .
The association between body mass and I fibers in the pectoralis may help explain why woodpecker species up to almost 300 g in body could alter the predicted slopes for the scaling of available mass-specific power from the flight muscles (Ellington 1991 , Marden 1994 . In woodpeckers then, larger-diameter I fibers in the pectoralis may generate greater stress and strain (thus, greater power) during contraction than smaller-diameter R fibers, providing a mechanism for offsetting the predicted adverse scaling of both sustainable power and acceleration ability with body mass. DeJong's (1983) prediction of a size limit for flap-bounding was based on empirical study of acceleration ability primarily in passerine species, with the only nonpasserine being the Northern Flicker. It may be that muscle composition in passerines scales differently than in woodpeckers, with associ- (Fig. 3C, D) , could reflect further augmentation of the maximum available mass-specific power at even greater body masses than those exhibited in woodpeckers.
Although the scaling of fiber types (Fig. 6A,  B ) may offset the negative scaling for the massspecific power available from the pectoralis and, thereby, extend the upper limit for the ability to flap-bound, the power available for flapbounding nonetheless appeared to decrease with increasing body mass as predicted by the adverse-scaling hypothesis (Lighthill 1977 , Rayner 1977 , 1985a , DeJong 1983 , Tobalske and Dial 1996 . The wing kinematics (Fig. 8) and scaling relationships describing intermittent flight behavior in the field (Fig. 9) Fig. 5A, B, E, F) , even to the extent that both species exhibited distinct variation in staining intensity among R fibers (Fig. 4C, D) . Likewise, the Northern Flicker and Pileated Woodpecker muscles stained similarly for GPD, but distinctly different from GPD staining observed in the other woodpecker species (Fig. 5) . Muscle composition differed between the Red-naped Sapsucker and the Lewis' Woodpecker (Tables 1 and 2 
